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& E: CHIBEER (C-type lectin, CTL) Z WU K AL A W 25 F4 3 T 2R 32 R . A58 26 T S 4
M PS5, B wibe 17 14 LGN XS BF (Litopenaeus vannamei) C BIEESE R v 44 N LvCTLE , 71 5%F HZ& A 1)y
BESEAT T 2007 455 7R, LvCTLE cDNA 4K Yy 1 231 bp, FF il I3ZHE 702 bp, i hth 233 MR IR . LvCTLE
GEERRIT AN K A 1G5 17 42350 095 5 BRES M3, CoR I B A LA S 134 2 B IR 1 W 1L 45
3 (CRD) . LvCTLE FEFFEFTRAM ) 9 A AU ¥4 Fe ik  7E LA AR ZH 2 ek i v o WILIA A s
MR RIS , LyCTLE 3 PR A X iR LA AR A 4 () ik 2 1 0 RS FREIU IS, HLAE 12 h Rk ik g
8. JE AR 8 A rLvCTLE ABER S P EA Ca HirE , il DLEESEAS RFLER T K IAT 3 L BV 7k
I AN [CIET o rLvCTLE X K W T B 0 58 42 46 I v] LA Bk D-# 25 0% . D- M\ D-F ZUHE A D-H & F i
L5 LR, LvCTLE Refg e MV I B , 17 ELH Rk A FE S B 0 S5 14 A AR qb , HE N H 2 5 7 JLa i
X BT B o S 1 e 7 3 R

KGR JLANERTIR; CRUGESE R mAE N ; BT

FESES: S9174 MRS A

JFLYH 5 XT 2P (Litopenaeus vannamei) X ¥y B EH

FEXFIR, 2T E AR AR R A B
FEE R e RN R AV N R S L U e )
ZAR B DL BT IR AR e P s A 4 M T JB A
IR %L (Acute hepatopancreas necrosis disease,
AHPND) B | JF W B0 H (Enterocytozoon
hepatopenaei , EHP )i | 4 BELE A 1iE R 5 (White
spot syndrome virus, WSSV)J&"*' | - /& H 0T % i
7 1(Decapod iridescent virus 1,DIV1)J& 74, iX
L RFE M G RTUR P A T RS R e
2V IR IR IR FE I Oy v [ =28 sh Wy e,
P S I SR 5 | RS, o IR SRR e J 2 1 R e i
4 Btz A, S B R SRR, F
HAMERET BET R IR 100% . L IRAWF
5% T P B 922 977 0D AL ) ek G il e 7% it EL A o L

I iE B HE: 2024-10-10 & E B H: 2025-08-25
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PcLec3 "' 4 1 15 B4 , 4 vp A8 9 B5 1 (Eriocheir
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2 ISR G NI 35 4%

ST, A E AR O R T T M AR A 5
SR BEA TR, BT A R B TR TR FLGA i
XoF MR 2 SR A% 4 B R 17 2 BIL R

I BRI

1.1 It

S 50 Y ML A v X R 28 ok T VLA i K
F¢ FH B 5T I 7K 2% b o BORE X R BT 5 20.33~
22.48 g, /A K 18.21~20.60 cm. 4 ¥4 H] 38 52 56 %o}
IR 1.64~2.15 g, 81K 3.51~4.60 cm, THF4E 7
SARYBCE KN IR . BRI KER O 22, 7K
PRAFLE 28 °C B F7 3 Al i1 IE X SR B4 1
15 B FR |, f R 3 IR, F8 IR 5 S XA
i Y 1.5% 0 A PRIIEZK PR 00 R 3 e T K46 1
YK, K o SRR 13, BUREAE VKR 551
T HEAT  BURE JE X BRI B T[] — B RS P g — 4k
L

S ECFLER (Lactococcus garvieae,Y180707)
KIGFF 1 (Escherichia coli) &\ A4 (Vibrio
parahaemolyticus, DX160807) . fi& (Vibrio

anguillarum,Y210705) 3% 3R E (Vibrio tubiashii,
DX170701) Fi PR 5 f% (Saccharomyces
cerevisiae) YIRS R E AR
1.2 RNAREHI cDNA &5

fifi FH EASYspin Plus 21 2V/41 fifg RNA Pk 45
BOAH & (bt SO A R A BR A 7)) 2 L
BAHLIRNA i Nano-400 i {3 it A% R 5 #r
LT BB AS A BRZA #1 DA RNA MR B il &
1.2% Bt I A 60 s R RS 50 RNA J2: 75 R, Tl T
-80 °CHR- A7 %5 H . #R #& PrimeScript™ RT reagent
Kit with gDNA Eraser (Perfect Real Time) 1% B 45
[EHEAYH AR ARAF ], RNALIL ug
M E BRI 20 DNA , 2 5% 5515 5] cDNA
1.3 S|¥git56m

f£ NCBI I #il ] LvCTLE (GenBank:
PP622763 ) K& [H ¥ 41 1) Jii B IX. , 75 4 A% DX )
Primer 5.0 #X R 114K ¥ 51 v 962 5 PCR
DL s d 2 ek AR B 5 19, 51 T A AN
Bk,

&1 WHBATASIY

Tab.1 Primers used in the experiment
314 F 317 (5-3)
Primer names Primer sequences(5'-3")

LvCTLE-F TAGAATTCAGTGAGATCAGTTCCTCATAAG
LvCTLE-R TCTATAAACATCCTCCGTCACATAGATTCA
LvCTLE-RTF GAAGGAAGGCGAATGGAG
LvCTLE-RTR TGGAGGGTGGCACAGTTA
EF1a-RTF TATGCTCCTTTTGGACGTTTTGC
EF1a-RTR CCTTTTTCTGCGGCCTTGGTAG

LvCTLE pET30a-F
LvCTLE pET30a-R

CCCATATGCGTGTGGTAGTAGCAGTTCTT
CCCTCGAGGCCCGTCCTCGAAGGGCTGA

T R P B0 6 A0 B 57 05 P R R A L RIZRFE 31 CATATG 4 Nde THYBEIIR A 15, CTCGAG SH Xho THYBFIR B 15

Notes: The restriction endonuclease restriction sites are underlined, the underlined sequence CATATG is the recognition site for Nde I,

CTCGAG is the recognition site for Xho 1.

1.4 LvCTLEEEZ£IK cDNAE[E

DA LA I8 %5 R 2H 40 cDNA N M, LvCTLE-
F/R 51 %), FI /1] PrimeSTAR® Max DNA [iff i#£ 17
PCR Y"1 . PCRFEJF : 94 °CHIZE 4 5 min; 98 °C
A5PE10's,57 °CiR K 15 s, 72 °CHEfH 1 min, 35>
PEFFR ;72 °C B EAH 10 min, PCR =18 11 1.2%
BN B O FC F VRS I, 455 s M 1 2%ty filt BB
BRI (a1 SR ) A AT Al [l . e (81 i = )
L5 pEASY-Blunt Zero i [ 4R 4% H2 , Pk HCPH 1 5
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v PR MR A TAY) TR () Iy A R A
A AT .

1.5 LyCTLEERRFIINEMEEFESHT

I 285 548 1] DNAMAN R ik 178 5 4

e, AR LyCTLE RN 2 K ¥4 . [l HINCBIZEL
AR R T e B AHE I P00 22 L2 e 47 5 18 ]
ProRaram  Tool (https://web. expasy. org/
protparam/) T I 24 K& 12 )37 1 %) 3846 P 5 5 i
Signalp 5.0 (https://services. healthtech. dtu. dk/
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services/SignalP-5.0/) i 17 {5 7 K ¥ I 5 { A
DTU/DeepTMHMM BioLib #& J# (https://dtu.
biolib.com/Deep TMHMM ) Tl il & [ Jift 125 A 45 44
X FH Expasy (https://web. expasy. org/cgi-bin/
protscale/protscale.pl? 1)7EZ 54T 8 1 1Y 3£ 7K 24/
H K M5 R H SMART (http://smart. embl-
heidelberg.de/) T #E- S 14 56 D & 1153 A9 25 44 k5
i F§ Phyre 2 (http://www. sbg. bio. ic. ac. uk/~
phyre2/html/page.cgi? id=index ) 7F £k 4k 1F 417 [F]
PR AR TR0 2 0 Y = 2 4544 5 {8l DNAman
A AT C BUBEAE R A LR P 9 2 17 91 LX) .
i MEGA 6.0 3 {2k H] Neighbour-Joining (NJ)
TEMERG LB R, 51582 EH) Bootstrap 1%
EOH 1000, PRUES 70 ST AT AE B

1.6 LvCTLEZEF LR % EEE PCRSHT

FEVK F AT 15 A A 5] ol bk L0 R VR
S, BCIRAR (B GO E AR VS s g DL L
A 205 1 1] PBS 22 vl M B V%, I A R IS T
-80 °CIRAF& M o SR 1.2 79 tp 3056 Jr i 4k 4%
cDNA #i#i , LI LvCTLE-RTF/R 591, #I 54
SE it PCRIY 7L B & 44U h LyCTLE SR 1) 3%
KB

S WU IR 1 5 =20 A ) e ot e o i 2
PO, TR TSR 13107 CFU/mL, 7R/
PF M55 0.3.6.12.24 .48 .72 /NETFEALR4E 3 J&2
UGN IR B 0 SEFN LA 41 21, LA LvCTLE-RTF/R
A5, FIF 926 E it PCR 43 0T LvCRLE JE R 1)
Lk,

PO E NS EE K EFla, ¥ 151 9K
EF10-RTF fll EF1a-RTR. %652 # PCR 2 ¥
95 °CHIZEME 5 min, 95 °CEME S 5,56 °CiE K 20 s,
72 °CHEAH 30 5,40 MBI . 1B E 3RV
HE 3MAREL ., RVERES IR
i FH 2744 BRL Y FH SPSS R i AT 3 M Ay
H1 (P<0.05 8¢ P<0.01) .

1.7 ERAERFSHEL
1.7.1  EHFRBEMAAIHE

R 52 % cDNA (9 FF ik ] R HE F R IR 2R 1Y
2 v N AT AN BT A Tl U AL s I R SR
Yo EHEANUIEE E RIS s (R 1) %
PCR =¥ % $ 5I| pET30a £ 14, #4 4 5 21 5 [ 4%
1K pET30a-LvCTLE. fifi F B2 il ¥4 N V) il Nde |
H Xho 1 X 5 21 v B 8 AR AT RUREDT] , ] ) 322 422

AR E.coli T1 RS2 2540, Pk BCR 5T 18 FH P
7% PCR WHIE , S0 iF i Ty 19 8 21 o P A vy 2F T4
YRR () B A B "I EA T .
172 HHAEHTERRE

& His H5 % 1 pET30a-LvCTLE #% 1k &
BL21(DE3) . HkHCH 5 fi BH P T 7% 220 r/min,
37 °Cit I RF 9%, K H % 1: 100 HEAT ¥ K5, 220 1/
min, 37 °CHi % 4 ho 4 OD,,, (EH 5] 0.6~0.8 B i1
A5G 57 5 5 -B-D-i A FLHE T (TPTG, 40k
J& 0.2 mmol/L),37 °C5 74557 4 ho B0 T
T, 1 FH PBS 28 e 4% 2~3 UK, TE VKIS 20 R gk
A REHE 4 °C, 8 000 r/min B5.L> 30 min 2355 I
-5 UUHE, f# ] 12% SDS-PAGE Hi Kk 73 K ik 1%
o
1.7.3 FEAHEA4LL

fifi ] Ni-IDA Binding-Buffer 71 *F- ff Ni-IDA-
Sepharose CI-6B 2 fl 2 #7 # , I ¥ A & i H
0.45 pm A8 B U8, AR JZ BT R 40, IR |
FE TR OD,, (2 3A LR M 1k o i Ni-IDA
Washing-Buffer (20 mmol/L Tris-HCI1, 30 mmol/L
bR, 0.15 mol/L NaCl, pH 8.0 ) mrisk , 15 Bk
PR WA A2 B L I U OD,, 1 31 35 5
2. B )5 f#i FH Ni-IDA Elution-Buffer (20 mmol/
L Tris-HCI, 250 mmol/L Bk | 0.15 mol/L NaCl,
pH 8.0) e B A9 2R 11, WA BRI K Ry i Ak A
o k)5l A 0.5 mg/mL 4 I35 2 11 (BSA) A
X IR 3d 1 12% SDS-PAGE Hi ik A7 25 1 B 43
1741 Western Blot 28 % 73047 .  Western Blot 2538 Ul
T : SDS-PAGE HL UK 45 W J , o 1 J e e 2 I
HL¥Z L 5~10 min, PVDF JE7E I EE R 15 s, 16
200 mA, 45 min 51 T ¥ & 5 ED % PVDF i
PVDF & ] PBST (10 mmol/L Tris, 150 mmol/L
NaCl, 0.05% Tween-20, pH=7.5) ¥ % 4 ¥, B Ik
5 min, 285 B T 37 °CEEIREFH] 1 h; H PBST #i B¢
—Hi R His Pk ) , 4 cCit 8 s I H 45 5
FHPBST PEA 4 K, 51K 5 min; FH & 5% 2F W41
EFPAIWE 121 000 B ZHt (EPLE) , 37 °CIE A
1 hs [ R 45 55, ffi I PBST Pk A% 4 Wk, 5 Ik
5 min; i J5 i F ECL ik 047 52, 6. A H
Bradford ¥, 1 0.5 mg/mL BSA X B8 8%t 30
SEHE G-250 5 R A IR A5 I AR A0 2
595 nm Kb (WG, 22 il b v Bl £k, 45 T A
PR
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4 g

PN

35 %

1.8 rLvCTLE1 B EFED

X6 FH B ok 85 57 5 ] TBS (50 mmol/L
Tris-HCI, 100 mmol/L NaCl, pH 7.5) 2% ih ¥ 1 35
2~3 K, RSN 4, 6-— RFEN| W (DAPT, 4Lk
J 100 pg/mL) , 5 &b %% 4,30 min. % 4 f5 fifi F
TBS 28 whl 1k 25 A 25 A 19 DAPT YL, 4351 i F
TBS-CaCl, & ' & (50 mmol/L Tris-HCI,
100 mmol/L NaCl, 10 mmol/L CaCl,, pH 7.5) fl
TBS-EDTA % " # (50 mmol/L Tris-HCI,
100 mmol/L NaCl, 10 mmol/L EDTA,pH 7.5) # &
B (i Hok Bk 2x10° CFU/mL, 5 75 96 £L
BRI b it AT SRR R R B 10 pL RO S
20 uL ¥ T TBS ol AL RS . EAHE N
LY 4 20.50.,75.100.200 pg/mL, 37 °CHEH
1 h, FESE W fUE T AR BEA IR I
1.9 rLvCTLE1 WK EWMEGEEN

S rLvCTLE [ K AL & P e w25 &
B8 71, AR FF 1R A5 14, LA D- 45 0% . D-2%
Wi D-F-ZL0E . D-H 88 A2 2005 R R e 7
Filowl UE 473056 o ¥ DAPT 4t {6 18 14 ffi ] TBS-
CaCl, 2% M 5 &, fff R R B4 2 10° CFU/mL,
I10 pL B 10 pL FEH H I8 1 (2R B 200 pg/
mL) Fl 10 uL B R 7E 96 FLAR TPIR AT, 37 °CI &
1 h, HU10 pL IR AW AE 20 B U T S [ i
FPIEE RO o 2R &k B Ol 25.50.100,
200,400 mmol/L.,

2 4%

2.1 LvCTLEE&KZEERSH

AWFFETTHE S T LvCTLE 3£ 42 K ¢cDNA
J¥ %1 (GenBank : PP622763) . LvCTLE %:[H 4K
1231 bp, 7% 5 it X 148 bp, 3'WilE i fy X
381 bp Al 14~702 bp (IR BEAE . e 2 AE
Gty 233 N IER , WO A 11534 25.73 ku,
RIS 5l 4.96 (8] 1a) . 22 LR 45 44 T
/N, LvCTLE B N 3ty &5 A 1 A4 fih 17 S E R R 1Y
T IREE A, CoR U & A 1A St 134 A2 kR
BRI Z5 5 (CRD) (] 1b) o = 2 &5 44 Fit il
7R, 5 Phyre 2 {4 H B 08 0 TR JRPE A
e DL R4 5 1 C RIBEEE R 240 1 W AR
A B AH AL S 28% , T 15 B /5135 99.9% (A

http://www.shhydxxb.com

lc)o LvCTLE R FEPR )7 5 #E NCBI 1 BLASTP Lt
% 45 B W s, LvCTLE 5 H 2 X} UF (Penaeus
Jjaponicus, XP_042859448.1) | XpHR (F
chinensis , XP_047484586.1) . E[l £ %] U} (Penaeus
indicus, XP_063598892.1) Fl B 15 X ¥} (Penaeus
monodon , XP_037799151.1) F 5 i — 8 ME 5 &5
4 70.82%~72.96% .,

L5 T ES SR BR 45 5 a2 A 55 e 1Y)
AU , LyCTLE BAT 44 FE AR ST 19 1 B R ik
LD R BRI ) EPN )T (81 2) o RE AL ST i
7N, LvCTLE 5 HASXFHF (o [E0F A BRI B
5 X R R ML I X R Y C RUEE AR R AE Rl — KK
(KE3).

2.2 LvCTLE B4R 3R1E R G N e iz

S 2 i PCR A T LyCTLE B R AEXT
IR R 22 (1 87K 85 SR WK, LvCTLE E
IR TS HRAW (B O UE JHBRAR LB pl A K
WLIA &5 9 M 2H A rh 44 35k, b LA A rp
ks, IR Z (F da) o 76 RIE LETE fe
O WU A8 oB LyCTLE 363551 2% |
P, 2 B E TR, BHAE 12 hif Rk &
KB TR (5] 4b (4c)

23 BAEArLVCTLENFSRIE

4 H H rLvCTLE 5 3 & ik )5 , 12% SDS-
PAGE HL Uk 45 S 1. 7 Bl 5 28 11 7E 25~35 ku &b,
AU E AN IF B AR LIy ER
AR TU0E (KBl 5a) . S Ok %
J& {1 FH Ni-IDA Resion 75 4l {L T 15 88 . 4lifk
J& {8 41 0.5 mg/mL 4 1fiL 75 £ 11 (BSA) S % |, 3l
i 12% SDS-PAGE Hi Kk & I Jg 4% 47 ( &l 5b)
Western blot £ il {IF 5 75 2H 85 4 7] LA 5 r ik b 5+
PZE 4 (K 5c¢) o F ] Bradford 1 5 8 41 & H
We P4 0.2 mg/mL.

24 EHEArLVCTLE B8 BEE R

ASTRIHE BE rLvC TLE X 41 1 A BE4E 16 P iR
16 Ca® fEAE (A5 UL T , tLvCTLE A DABESEHS [ FL
BREA KM BT s o I i RN TR, %o g
I IR 7 B PR S BE SR AE s AR & A Ca™
% 3T, rLvCTLE X 40 P % A B 4 1 P (1AL Bl

I ). BB, rLvCTLE Y%k 16 2 Ca ki
P rLvCTLE XJ 40 i %) e /NEESE MR B L3R 2.
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1 GTTCAACTGGTTTCTTAGAATTCAGTGAGATCAGTTCCTCATAAGGGTCGACACCGCCGC
61  TATAAATACCGAGAGCAGTGGCAGATTCCTGACGACGTTCTCGCCCGTGAGTTGTGTGGC
121 GAGGTCCAGCTTCTCTATCTCCCAGAAGRTGRGTGTGGTAGTAGCAGTTCTTTGGGCCGT
MRVVVAVL WAV - CLECT
181 GGCAGGGGCGGTGTGGGCGCTGGAGGAGGACAGTGTGGGCGCCCTTTACGATGAACACTT
AGAVWALEEDSVGALYDETEHF
241 TCCTCCTCTTCACCCTAATTGTACCCAGAGTCTCACAGACCTTCTCCTGCTGCGCCAAGA
PPLHPNCTQSLTDLLLLE RGO E
301 AGTCCAGCTGAAAGAGCTGAAGCAGGCCGAGCAAGAGTCTGCAGGGATCCTGAGGGAGAT . .
VQLEKELEKQAEGQESAGTITLTREHM 0 100 200
361 GGTGCACGTCCTGAATGATATCAAAGGCGCCCTGACGCAGAACCACACGTCTGCAGAAGT (b) LyCTLETE FA%5 35,
VHVLNDIKGALTOQNHTSAE?/V
421 ATCCTGCCCAGCTAGCTTTAGGAAATTTGGCGACACCTGCCTCTACCTTGCCAAGGACGT
SCPASFRKFGDTCLYLAEKDYV
481  CAGCGTTAATTGGGCAGCTGCTCGGCTGTTCTGTCAAGACTTCGGAGGAGATTTAGCCGT
SVNWAAARLFCQDEFGGDLAV
541 GTTCCGAGACGCCAACGCATTCGCACACGCTCTTGGATACGTCAAAACATOGGCGCCTGG
FRDANAFAHALGYVEKTSAPG
601 AAAGAAAATTGATGTCTGGGTTGGCGGGACCGACATCGCGAAGGAAGGCGAATGGAGGTG
KKIDVWVGGTDTIAEKEGETWRYW
661  GGTCTCCGGAGACGACATGCCCAGAGGAACGCCATTCTGGGGAGACTATAATTACGAACG
VSGDDMPRGTPFWGDYNYER
721 TGAGCCAAATGAATTAACCGACGCTAACTGTGCCATCCTCCACGGCCACGATGACTACTT
EPNELTDANCATILHGHDDYVYL
781 ACTGCACGACGTTTCCTGTGATAAGAAAAGTCATCCTCTCTGCGGGATCAGCCCTTCGAG
LHDVSCDKKSHPLCGISEPSR
841 GACGGG! “GGTAAGGGCTCGATTCCAGCAGATATGAGTGGCGGATGGGCCTTAAGGG
T G x
901 AAGGAGGCGGAAAGAGGAGTTACCCCCCGAGAGACGTTGACTATCTGTGTCCCAACCGTC
961  GCATCGGCATCGGCTTCGGCAACGCAAGCAGCGAGGATTTTTGTCTGCGCTTTTAAATGT
1021 TTCTGTTACTCTCTCGCCTTTTCGGTTATGCCCATTTTAAGGCAATCGATATACATCTAT
1081 TTTTTGTAATCAGATTAAGATGCATTGATTGATGTTGCTAAGTGAAATTCATACATTTCA
1141 GGAGAGAATGGGCAAAACATAATGTTTTAATCTTTGTTTGAATCTATGTGACGGAGGATG
1201 TTTATAGACACACACACACGCAGGGAAAGAA

(a) LyCTLEFFFIM (¢) LvCTLE =% %Ky
(a) LvCTLEJ¥ 5\ 5381, FA 6 T RIZAE5 1K, 8 G B152 2 CRD 45 H5, B 6 5 HE U 7 , 26 7 HE Ry e i %55+ 5 (b) LvCTLE 3
FIZ5H 38 ; (¢) LvCTLE =45
(a) LvCTLE sequence analysis, the black underline is the signal peptide, the yellow shadow is the CRD domain, the black box is the sugar

recognition motif, and the red box is the start codon; (b) The protein domain of LvCTLE; (c) Prediction of LvCTLE tertiary structure.
BEl1 LvCTLE 7351 K& = R ta T
Fig. 1 Analysis of LvCTLE sequence and prediction of LvCTLE tertiary structure

LvCTLE WAVAGAVWASEDSVGALYDEHFPEMEERCTCSLTOMLLLRAIVOLKELKCA €0
XP_042859448.1__ [Penaeus_japonicus] WVIAGPVWAMSEDSVSDLYDEHFPEMESRCTCSLTOMLLLRAIVOLKELKCA €0
XP_047484586.1__ [Penaeus_chinensis] WMVAVTAN. ENSGSDLYDRHFPRHERCTCSLTOMLLLRQIICLKELKCA 60
XP_0€3598892.1_[Penaeus_indicus] WMVAVT TWASENSGSDLYDGHEPEMEERCSCSLTMLLLRAI ICLKELKCA €0
XP_037799151.1__ [Penaeus_monodon] WAVAGTA NSENVLYDEHFPEMHERCTCSLTOMLLLRQIICLKELKCA 59
AHKS9786.1__ [Portunus_trituberculatus] KKMISVDSQ#3......... GEIEKMKENMGVCHSQESTVMERLGRLKTEST 51
LvCTLE EQESAGIINEMVEVINSIKGALTCNHTISAEVSEPA JIRKEGD! LAKYVSVNGARMERL 120
XP_042859448.1__[Penaeus_japonicus] EQVAAGIIREMLDILTPIKGSLARNHTPTEVSSLGNJRNEGD' LAKP ICITQEANRL 120
XP_047484586.1__ [Penaeus_chinensis] EQVSAGIIREMADILTEIKGSLTRNNISTGIS@PGNJXNEGE! LAKS IEITREARTL 120
XP_063598892.1__ [Penaeus_indicus] ECESAGIIBREMADILAIKGSLTRSNISTGISOPGNIXNYGE! ILAKSVGINGEERLL 120
XP_037799151.1 [Penaeus_monodon] EQVSAGIINEMADILTPTKGSLTR . NISTGVS@PGNJINEFGE' LAKSVGLIREALV 118
AHKS9786.1__ [Portunus_trituberculatus] RLEMLEQTRRPEMONCASCEEDAVNGSARAYSTSESEHTRIAN STPEMLGQEDERR 111
LvCTLE CD. VERDANAEA DDMP:! 180
XP_042859448.1__[Penaeus_japonicus] CL: TERDANAEA 'VSeEDME 180
XP_047484586.1__ [Penaeus_chinensis] CD. VERDANAEA EDMP: 18

XP_063598892.1_[Penaeus_indicus] CD "VERDANAEAR, VI[eEHMP; 180
XP_037799151.1_ [Penaeus_monodon] CD. VERDANAFA EDMP: 178
AHKS9786.1_ [Portunus_trituberculatus] GR SEHSNLTVLRE VR TSEP. .C 164

A
LvCTLE EFWGDYNYE] LICA HEDYLLHDVHeDXKSHPLGISPSRT 232
XP_042859448.1__ [Penaeus_japonicus] SFWGDYNYV. OGTAR! PDGFLMBDAHEDWKVHEPLBQVEPT. . 230
XP_047484586.1__ [Penaeus_chinensis] EWGDYNYV] DGIAG] PODFLIHDVHEDWKVIPLEEIGVSRT 232
XP_063598892.1_ [Penaeus_indicus] SEWGDYNYV. ONIAE ADDFLMHDAHSDWRVIPLEISASRT 232
XP_037799151.1__[Penaeus_monodon] EWGDYNYV] DGIAR PDDFLIBDGHSDWKVIPLEEISASRT 230
AHKS9786.1__ [Portunus_trituberculatus] VI3IDMSKSTW PSGSGKEM QCSSYRAYNYD[EXERDE QYLF... 213
A A A

CRD Z5 M5 R 30 EPN JE P 2L G HESOR | B G S R B = MR
The CRD domain is represented by horizontal lines, the EPN motif is represented by a red box, and the cysteine residue is represented by a
black triangle.

B2 LvCTLESEBFIIHNEEL
Fig.2 Multiple alignments of amino acid sequences of LvCTLE
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0 C-Type lectinBE 5 X R P monodon (XP 037799151.1)

99 b C-Type lectinENFEXTIT P indicus (XP 063598892.1)

98

C-Type lectin 1 [EXFUF P chinensis (XP 047484586.1)

100

C-Type lectin H AXFUF Pjaponicus (XP 042859448.1)
100 A ILVCTLE

LvCTL-br2 LANTEXTUF L. vannamei( ADU25463.1)

100 L|LVCTL—br):LZI*] TEXTHR L. vannamei(ADU25462.1)

98 ILVCTL1 LANEXTUR L. vannamei( ADU25462.1)

Galectin H AXTUF P japonicus(AFJ59948.1)

100 |: Galectin JLANEEXTEF L. vannamei(AGV04659.1)
100 Y- GalectinENEEXFIF P, indicus(XP 063603581.1)
100 — L-type lectin H AXHUF P japonicus(AFI59950.1)

100 L-type lectin FLANTEXTHE L. vannamei( ATP62320.1)

L-type lectin@ [RHEF M. rosenbergii(A1S67586.1)

100 R-type lectinflIMN G UL M. californianus(QBM06347.1)
100 L[R-type lectin 850 M. edulis(QBM06346.1)
57 R-type lectinliy Il M. trossulus(QBM06348.1)
0.1
e |

3 ERANEMZN LCTLESEttHMBEEZNRELTH
Fig. 3 Phylogenetic tree of LvCTLE and lectins from other species constructed using NJ method

6 12r 2.5
%AEES 5@5310 ?‘Eﬁg 20
K54 KEE s KBS
Za¥ Za¥ EERLS
=593 =59 6 =5
NeT NeT R2%3 1.0
_NE =0 _ES 4 ~_N 2
NSO SR NTO
O35 Vs 5 05505
e bb oy 2 e

0 0 0

0o 3 6 12 24 48 72 0o 3 6 12 24 48 72
eSS St S L B B
N 0 Se® 4 A 6] Time/h AN ] Time/h
i FUN
(a) LvCTLEH 55554 (b) MLA LyCTLEZF X754k (o) i LyCTLEF A2 4k,
The tissue expression distribution Changes of LyCTLE expression Changes of LvCTLE expression
of LvCTLE in muscle in gill

TS BRI A 22 53 1.3 (P<0.05)
Different letters indicate the mean values in the same figure are significantly different (P<0.05).
B4 LvCTLE B E7EFL40ERT R A R p i) Rk o8 R Bl i ot 14 51T 2 o 3 TS ) S 2 Rz i o
Fig. 4 Expression profile of LvCTLE gene in tissues of Litopenaeus vannamei and immune stress response under
Vibrio parahaemolyticus stimulation
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(b) rLvCTLE#lifk (c) Western Blot#6ill]

(a) ILvCTLE %3k : M. &[4 marker; 1. pET30aif % (S#0) ;2. RIFFH ;3. BS54 5 F00EE LT ;5. 5 S0EEU0NE;
(b) rLvCTLE #lifk : M. # 4 marker; 1. 0.5 mg/mL BSA;2. 4lifbf5H 418 ; (c) Western Blot /0 : M. 2K [ marker; 1. 464k f5 H41HE

EP

(a) The induced expression of TLvCTLE. M. protein marker, 1. Induced empty vector pET30a; 2. Uninduced bacterial liquid; 3. Induced
bacterial liquid; 4. Supernatant after induced breakage; 5. Precipitate after induced crushing. (b) The purification of rLvCTLE, M. protein

marker, 1. 0.5 mg/mL BSA, 2. purification of recombinant target protein. (c) Western Blot analysis of rLvCTLE. M. protein marker, 1.

purification of recombinant target protein.

5

rLvCTLE 33X 4514 70 Western Blot & il

Fig.5 The induced expression and purification of rLvCTLE, and Western Blot analysis of rLvCTLE

A RFLER T

L. garvieae

KIGFFE
E.coli

BRIV i AN
V. parahaemolyticus

P ICHIRA

BSA+Ca>
Bk 1
Plate |

"
V. tubiashii
E= 1o ([ i

rLvCTLE+Ca?*
rLvCTLE X A& RS &

—_

rLvCTLE+EDTA

Agglutination of rLvCTLE against bacteria

http://www.shhydxxb.com



8 B S (T & SR N = R 1 35 %

%2 rLvCTLE X EMNE/NEEIRE
Tab.2 The minimal agglutinating concentration of rLvCTLE against bacteria

T/ NEERRE

Bit}f:ia Minimal agglutinating concentration
LvCTLE/(pg/mL)
H2% [CRAME R (G+)
& ERFLERTA L. garvieae 200
2 [CHIMEE (G-)
KIGHFH E. coli 20
R MLPEIREE V. parahaemolyticus 200
HEYNES V. anguillarum NA
EERURTR V. tubiashii 200
HIH Fungi
IR 1R S, cerevisiae NA
TE :NA R H2H FAYEE RS2 3R I 200 pg/mL A5 i I R & A B2
Notes: NA represented no agglutination at 200 pg/mL of rLvCTLE.
2.5 rLvCTLE HJ#E4E &K% A D-H S, 10022 25 M A B ok

R4S SR A R WK  rLyCTLE X R AT I 40 ) FE B S A A CIE R I ) o 4% ol ol 28 %
MEESEAE AT LUsk D-# 45 4% . D-RME . D-2FFL 0 rLvCTLE BERAEH] 09 e/ MM BN 3 FioR .

1-2. BSA Ml rLvCTLE 7 Ca> f7-7E I KT i B9 SELEAE 5 3-6. 100 mmol/L i D-i %54 . 200 mmol/L i D-544 .50 mmol/L i D231
1 50 mmol/L (14 D-H & A EEVE FH 5 7-9. 400 mmol/L (9 22 24 | TREME RIS 1 T 56 1
1-2. the agglutinating effects of BSA and rLvCTLE on E. coli in the presence of Ca’*;3-6. the inhibitory effects of 100 mmol/L D-glucose,
200 mmol/L D-fructose, 50 mmol/L D-galactose, and 50 mmol/L D-mannose, respectively; 7-9. the inhibitory effects of 400 mmol/L
maltose, sucrose, and thehalose inhibitory effect of maltose, sucrose and thehalose at 400 mmol/L.
BRI #5334 rLvCTLE & X AT H I $11ER
Plate I The inhibitory effect of carbohydrates on rLvCTLE agglutination of Escherichia coli

http://www.shhydxxb.com



11 KWK, A FLEANTE XTI C BYBEAR Z AL N (LvCTLE) B9 v b KL BE B 9

3 WEEX rLvCTLE 5 & KB E A RN N5 R E
Tab.3 Minimal inhibition concentration of sugar on
the agglutination of rLvCTLE toward E. coli

/N e e
b2 Minimal inhibition
Sugar concentration
LyCTLE/(mmol/L)
D-#ij %4 D-glucose 100
D-34ff D-fructose 200
D-F-F| B D-galactose 50
D-H &K} D-mannose 50
22 2Bl Maltose NI
HERE Sucrose NI
I E Trehalose NI

1 NI R 32 10 28 fi ROk B 400 mmol/ L 45 14F 1, % 20 i g 4
BRI

Notes: NI represented no inhibition at 400 mmol/L.

3 e

C RUBEAE ZJ2AE I — P EH 2L PRR, FEHLIK
AR R MR B R b R AR
IEAEE  BFFE N D B 22 AN [RI R 2 1 FE e sl g v
YEH CRIBEE R, M HARBIF? =R T
Y SEEERE AT YA . ARHESY RS E 1AL
YR RTIF C RUEEEE R LvCTLE, W () LvCTLE 4
FEPR e 51 TG 5 BE 48 # 3, N I A5 (5 5 K, C o A5 €
RIBEAE R A BB KA B PRSI 25 3, J8 T C
RUBEE R R . LA 155 K, HE I L2
FEAEXREERY . 2750 g5 1R,
LvCTLE R FEFR 7 51| 1) CRD 45 #3860 3% 4 R SF
()2 e R AR 5L , T 1 A MR i 45 5 S5 EPN,
TR HEAA oK E PR REdkfsr
Mrét B s, LvCTLE 5 C RIBEHE R R h— K,
AR5 B I A PN XTI C BRI Ry —
/B, F W] LvCTLE 5 C 438 (1) FLYA VX EF C 7Y
BEE R AR LR A UV AE T g b T REAEAE 3L
KB ZES ., 28 Lk, LvCTLE 2 1S8Ry C AUt
LT HILEE M B AT — @ (O ORSF 2 I LDy g
INEA RSP

C A 8 s, XFF C Y BRAE 28 3 B A s
A BRI 20 B 2Rk B XS HR ) PmL T
[CIRUREY MrCTL ™ LA S FLERIE T HR Y LyCTL1 F11
LvLec2 3 % 78 JIF R B v 3R 3K oy [ X6 0 i
Felectin F 7€ 1L 40 Jf v 32 35125 5 FL 4 1 % HF 11
LvCTL 5 5 32 BEAR 8 p 36582 5 W39 X

BF /9 PmaV F L 40 3 XF BF B LvLectinl #
LvLectin2 W0 WE AL IR 2238500, AR5
G307 T LyCTLE TE JLAN IR HE 9 Fl2H 2L i) 33k
T 00, S5 8 R %5 TR Bk i 20 4 b 2 5 AT
SRl FR B A FEWLIR RS b SRR R, I IR
Z o FLYNTE ST HF A LvLe2 78 A [ 40 4 R 3 4
ik AW EE AARRL Y 38 Ak S A %
B R AR e B AL i) v e ZE A 282 — L R
ULENF I 35 35 U8 7 R 2 v ke 2 G ERE
R T8 6 R I SO SR AT AR ) AR L i
LR 5 AN IR , AT S bR AR S i 7
R E R EAERRY . LvCTLEAE AR A %
K HEMLAENURE R & B e U A 4 i
TR AR N IZMER . LvCTLE )33k
B LyCTLL . LvCTL WA AN [ , BEWIAS [R]
C 78U B 4 3R A0 X MR A0 A W) 8 A7 2 #4492 7 A A
FH o I PR oI T SR g ML U R R
LvCTLE 7E JJL A AR ZH 2 rh 1) R s AR B 2% |
W, KW LvCTLE S5 T FLANEX iR 0 A K8 1
TR RIS 0 ST TR SR 1) B g2 B AR S R

U5 B S S 410 1 s S A A ) AR DI Y
BRRZ —, CRIEE A A H B R R 32
A, AT DURE S PR 235 45 i T 2% T A2 44, DA 410 1
W R . ek R 2 s C
RUEESE R Ol B BER TG, H R4 C Al
BEEZ B AE /15 Ca¥ A %, WNFE Ca¥' fF 7
T, BRI ERAY MRCTL 1 D) 2R 45 4 2% [ BH M
(& B O A A BR TR ) 1A 2% I BA I T (R I P R
)P0 B X MR A8 PmLec B 2H 35 (1 0] LASE S0
i K #F 92 0% R L 3 (Pseudomonas
fluorescens) . W& JK ML & (Aeromonas
hydrophila) .V ¥ 9K 1 (Vibrio alginolyticus) 7& N
R 2 G B B RN BT rLvC TLU W] LABESE T
L BR A A B PR IR Y /NS B T I P
5 Ca™ Tk, W FLAN I X R ) rLvCTL7 7£ JC Ca™
FETESF T, AT LA BE 42 0 4 [ 9K B R0 i 38 9
B ML B DL rColec 764 JC Ca* A AE TS LR
HR AT LS e AR AL AR D, KA I Al
&Y LvCTLE W) 443 11 , 4 44 4 tLvCTLE, 4
PR AR T 25 3 W , rLvCTLE X 40 1 A9 58 45 )i
T Ca MO AY | AT LLE AR A% PR LK TR A = 2 22
TCBAPE TR CR I AT B8 L I I I BT 3 TR ) |
XoF R T A T B AR SR, e W HL AT B 32 A K
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EHAERH . B HLI0 45 R WoR  rLvCTLE X £
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WA BORNEE G 1, 522 2005 RERE R SR
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AR SE 2 sh Y C 4 A 41 41N ik
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4 ZEip
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B TR o I A, HC o 20 2 0T 240 1 Y S A AT
LBl Z2 b oM, S BH LyCTLE nTREAE 4 1 Fh
1 32 55 I PR R TS 28 PAMPs 4545 (1) PRRs SR
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Isolation and functional analysis of a C-type lectin gene (LvCTLE) in
Litopenaeus vannamei

ZHANG Huan'***, WANG Yaohua'***, YAN Maocang'*?**, JI Dewei"***, HUANG Xianke'***, LUO
Kui"***, ZHANG Min"*>***

(1. Zhejiang Mariculture Research Institute, Wenzhou 325000, Zhejiang, China; 2. Zhejiang Key Laboratory of Coastal
Biological Germplasm Resources Conservation and Utilization, Wenzhou 325000, Zhejiang, China; 3. Sino-Thai Joint
Laboratory of Marine Science and Technology, Wenzhou 325000, Zhejiang, China; 4. Wenzhou Key Laboratory of Marine
Biological Genetics and Breeding, Wenzhou 325000, Zhejiang, China)

Abstract: C-type lectin (CTL) is an important pattern recognition receptor for recognizing carbohydrate
structural domains. In this study we isolated and cloned a Litopenaeus vannamei C-type lectin, named
LvCTLE, and analyzed its expression and function. The results of the study show that the full-length
sequence of the LvCTLE gene cDNA was 1 231 bp with an open reading frame of 702 bp, encoding 233
amino acids. The LvCTLE amino acid sequence contained a signal peptide structure encoding 17 aa at the N-
terminus and a sugar recognition structural domain encoding 134 aa at the C-terminus. The results showed
that LvCTLE was distributed in the 9 tissues tested, with higher expression in muscle and gill tissues. After
intramuscular injection of Vibrio parahaemolyticus, the expression of LvCTLE gene in both muscle and gill
tissues of shrimp showed a tendency of up-regulation followed by a decrease, and the expression reached a
peak at 12 h. Prokaryotically expressed recombinant rLvCTLE had Ca*-dependent agglutination activity
and could agglutinate Lactococcus garvieae, Escherichia coli, V. parahaemolyticus and V. tubiashii. D-
glucose, D-galactose, D-mannose, D-fructose, maltose, sucrose and alginose all had inhibitory effects on
the agglutination of rLvCTLE toward E. coli. These results suggested that LvCTLE could be involved in the
immune response against bacterial challenge in the innate immune system of L. vannamei.
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